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Peripheral one-tube model has shown to be a nice tool for dynamically 
understandig several aspects of ridge structures in long-range two-particle 
correlations, observed experimentally and obtained also in our model calcu- 
lations using NexSPheRIO code. Here, we study an extension of the model, 
to initial configurations with several peripheral tubes distributed randomly 
in azimuth. We show that the two-particle correlation is almost indepen- 
dent of the number of tubes, although the flow distribution becomes indeed 
strongly event dependent. In our picture, the ridge structures are causally 
connected not only in the longitudinal direction but also in azimuth. 

PACS numbers: 25.75.-q, 24.10.Nz, 25.75.Gz 

1. Introduction 

Ridge effect has been observed in long-range two-particle correlations. 
The main characteristic is a narrow and a wide A?7 correlation around 
the trigger. There is also some awayside stucture: one or two ridges. Orig- 
inally, the trigger was chosen a high-p^, presumably jet particle, but now 
data are available also for \ow-pT trigger or even without trigger. 

In a previous work [1], we got the ridge structure in a purely hydro- 
dynamic model. What is essential to producing ridges in hydrodynamic 
approach are event-by-event fluctuating initial conditions (IC) and besides 
very bumpy tubular structures in the IC. Nowadays, this kind of IC are be- 
ing studied by several groups. We have been using NEXUS event generator 
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[2] for producing such fluctuating IC. In a series of previous studies, start- 
ing from NEXUS events, and by doing 3D hydro calculations for Au+Au 
collisions at 200 A GeV, we obtained some of the experimentally known prop- 
erties such as i) centrality dependence [3','^; ii) trigger-direction dependence 
in non-central windows [S^lSJ; and in) pT dependence 

However, what is the origin of ridges? One may intuitively associate 
the long extension in Ar/ of the two-particle correlation with the tubular 
structures of IC. But what about the structure in azimuth? Trying to under- 
stand this property, we studied carefully the hydrodynamic evolution of the 
high-density fluid in the neighborhood of one peripheral high-energy tube, 
by introducing what we call boost-invariant one-tube model [3]. It turns out 
that such a high-energy peripheral tube expands strongly at early times, 
pushing the surrounding matter, causing deflection of the flow coming from 
inside, producing two-peak structure in the single particle azimuthal distri- 
bution, dN/dcj) (symmetric with respect to the tube position, in the case 
of central collisions). As a consequence, the two-particle correlation in A(p 
appears to have the characteristic shape with the main peak at Ac/) = 
(near-side ridge) and two symmetrical secondary maxima at A(j) ~ ib27r/3 
(away-side ridges). See details in refs.[3l[6]. 

This model has shown to be a nice tool for clarifying also some other 
aspects of ridge structures [UIH], observed experimentally. We emphasize 
that it gives a unified description of the ridge structures, both near-side and 
away-side ones, and moreover, these structures are causally connected. 

Now, what happens if there are more than one peripheral tube, as pre- 
sumably occurs in a realistic set of initial conditions. This is the main topic 
of this paper. 

2. Multi-tube model 

In order to answer the question above, we extended the previous one- 
tube model to multil-tube models considering 2, 3 or 4 peripheral tubes 
placed on top of an isotropic background as before. For simplicity, we took 
identical tubes, with Gaussian energy distribution, distributed randomly in 
azimuth at a constant distance rg = 5.4 fm from the axis. Explicitly, the 
energy distribution is parametrized in a similar way as in Ref.^, namely, 

" 34 Ir-r-P 
6 = 12exp[-.0004r5]+^^exp[-^^] , (1) 

i=l 

where n = 1,2,3,4 is the number of peripheral tubes, |rj| = 5.4 fm, and 
their azimuths are chosen randomly. 

In what follows, we present preliminary results computed with only 50 
random events in each case. 
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2.1. Fourier components of dN/d(f) : Vn 

First, we computed the one-particle azimuthal distributions, decompos- 
ing them into Fourier components. In FiglH we show how some of the 
Fourier coefficients Vn are distributed. As expected, they are widely spread 
and also show smaller values as compared to the one-tube case, where evi- 
dently they are sharply defined. 
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Fig. 1. (Color on-line) Distributions of some of the Fourier components u„ of the 
single-particle azimuthal distributions dN/dtj), produced by 2-, 3- and 4-tube mod- 
els. For comparison, the corresponding values for the one-tube model are, respec- 
tively, V2 = 0.0569, V3 = 0.0740, V4 = 0.0479 and V5 = 0.0160. 



2.2. Correlations among 

Next, we computed the symmetry angle for each Vn component, in 
order to see whether they show some correlations among them. In FigJH we 
show the differences \I'2 — ^'3 and ^'s — ^'4 for the two-, three- and four-tube 
cases. As can been seen, the distributions of — are widely spread 
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Fig. 2. (Color on-line) Distributions of — ^'3 and ^"3 — ^'4, computed for 2-, 3- 
and 4-tube models. The dotted lines represent the ideal distributions in the limit 
of infinite numbers of events. 
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and consistent with no-correlation. For one-tube case, these differences have 
weh defined values which are, respectively, '^2 — ^3 (one-tube) = vr/G and 
^'3 — ^4 (one-tube) = '/r/12, corresponding precisely to the mid-points of 
the distributions shown there. 

2.3. Two-particle correlations in Acp 

Finally, we went on to the computation of the two-particle correlations, 
predicted by each n-tube model. Figure [3] shows the results. As expected, 
the two-particle correlation is almost independent of the number of periph- 
eral tubes, showing that the interference arising from different tubes are 
already completely canceled with only 50 random events. 

While in one-tube case there is just one event, so dN/dcp is uniquely 
defined, in the multi-tube cases the IC are fluctuating event-by-event, as 
given by Eq.([T]), so the one-particle azimuthal distribution dN/dcf) varies 
from event to event, as implied by Figs{T] and [2l However, as for the two- 
particle correlation, they give almost the same result as for the one-tube 
case. We understand that this coincidence indicates that what determines 
the several structures of two-particle correlation is what each peipheral tube 
produces durig the expansion of the bulk matter and has nothing to do with 
the global distribution of the matter at the initial time. 




Fig. 3. (Color on-line) Two-particle correlations as functions of Acf), computed with 
1-, 2-, 3- and 4-tube models. The results with NeXuS initial conditions and data [S] 
are shown for comparison. It should be mentioned that in NeXuS, both the tube 
size and their radial positions fluctuate and not maintained constant as in Eq.(IT]|. 
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3. Conclusions 

• Hydrodynamic approach with fluctuating IC, with tube-hke struc- 
tures, produces ridge structures in two-particle correlations at low 
and intermediate px- 

• Peripheral-tube model (now extended to multi-tube configurations) is 
a nice tool for clarifying the ridge-formation mechanism. 

• It gives a unified description of the ridge structures, both near-side 
and away-side ones; 

• The mechanism of ridge production is local: what is important is each 
peripheral tube and not the global structure of the initial conditions. 

• Because these structures are produced by each of the peripheral tubes, 
they are causally connected. The causal connection of the ridge, with 
respect to the longitudinal distribution, has been discussed elsewhere 
|10j . Now, we are sure that the ridge structures, including near-side 
and away-side ones, are entirely connected by causality. 

A more detailed account of the present work is being prepared and will 
be published soon. 
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